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Summary  The  present  work  is  the  numerical  investigation  of  Spark  Ignition  (SI)  engines
using an  open  source  Computational  Fluid  Dynamics  (CFD)  tool.  Investigations  on  the  usage
of OpenFOAM® CFD  tool  has  been  carried  out  for  the  simulation  of  SI  engines  using  engineFoam
solver. Four-valve  pent  roof  type  engine  is  chosen  for  the  present  simulations.  The  standard
k—ε turbulence  model  is  used  along  with  the  Reynolds  Averaged  Navier  Stokes  (RANS)  equations
for simulating  the  ﬂow  ﬁeld.  Energy  equation  and  transport  equation  for  regress  variable  is
solved along  with  the  momentum  equations.  Xi  model  is  used  for  the  transport  and  Gulder’s
correlation  is  used  for  laminar  ﬂame  speed.  Unstrained  model  is  used  for  calculating  the  lam-
inar ﬂame  speed  velocity.  Two  simulations  are  carried  out  one  with  cold  ﬂow  and  the  other
with combustion.  For  combustion  analysis,  Iso-octane  fuel  is  used.  Average  cylinder  pressure  is
tracked for  different  Crank  Angles  (CA)  from  −180  to  60.  The  temperature  contours  are  plotted
on a  vertical  plane  inside  the  cylinder  to  indicate  the  rise  in  temperature  due  to  combustion.
The results  indicate  that  the  open  source  CFD  code  can  be  an  ideal  choice  for  engine  designers.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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tIntroduction
The  Spark  Ignition  (SI)  engines  are  mostly  used  in  motor
bikes,  cars  and  also  in  small  trainer  aircrafts.  There  are
various  requirements  for  the  engines  based  on  the  regula-
tory  authorities  for  automobiles  and  aircrafts.  The  aviation
 This article belongs to the special issue on ‘‘Engineering and
Material Sciences’’.
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licenses/by-nc-nd/4.0/).uthorities  prescribe  highly  efﬁcient  engines  with  lesser
eight  when  compared  to  automobile  engines.  Recently,
he  ﬂuid  dynamic  analysis  and  optimization  of  SI  type  of
nternal  Combustion  (IC)  engines  are  being  carried  out  using
omputational  Fluid  Dynamics  (CFD)  tools.
OpenFOAM®,  an  open  source  CFD  tool  has  gained
esearchers  attention  for  CFD  analysis  in  various  ﬁelds
Kannan,  2015).  The  above  said  CFD  tool  has  not  been  used
ike  other  commercial  tools  that  are  available  in  the  market.
arious  developments  are  being  carried  out  for  engine  sim-
lation  related  solvers  especially  for  solving  diesel  engine
rocesses.
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Table  1  Engine  details  for  the  simulation.
Items  Values/Details
Engine  K3PREP/100198  |
Pent-roof  |  4-valve
Connecting  rod  length  0.147  m
Bore  0.092  m
Stroke  0.08423  m
t
c
e
1
e
T
c
h
m
w
C
E
T
w
a
t
C
c
T
s
T
h
p
f
Table  2  Fuel  and  other  details  for  combustion.
Items  Values/Details
Fuel  Iso-octane
Laminar  ﬂame  speed  0.42  m/s
Stoichiometric  ratio  15.0336
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To  know  the  ﬂow  ﬁeld  and  combustion  behaviour  inside  theClearance  0.00115  m
Numerical  simulations  of  SI  engines  are  relatively  easier
han  Compression  Ignition  (CI)  engines  due  to  lesser  physi-
al  processes.  The  details  about  simulation  processes  for  SI
ngines  are  explained  in  the  reference  literature  (Ganesan,
996).  The  simulation  of  SI  engines  using  has  not  been
xplored  much  using  engineFoam  solver  of  the  OpenFOAM®.
he  present  work  will  try  to  understand  the  simulation  pro-
esses  of  SI  engines  and  the  results  will  be  discussed  with  the
elp  of  contours  and  plots.  This  work  will  provide  some  infor-
ation  for  engine  designers  to  carry  out  their  CFD  analysis
ith  OpenFOAM®.
omputational methodology
ngine  details
he  engine  selected  for  the  present  work  is  a  pent-roof  type
ith  four  valves.  The  various  geometric  details  of  the  engine
re  given  Table  1.  These  geometric  details  will  be  used  by
he  solver.
omputational  domain,  grid  and  boundary
onditions
he  computational  domain  for  simulating  SI  engine  is  cho-
en  based  on  the  engine  geometry  and  it  is  shown  in  Fig.  1.
he  geometry  consists  of  cylinder,  piston,  liner  and  cylinder
ead.  The  boundary  conditions  are  applied  according  to  the
hysical  conditions.  The  generated  grid  is  fed  to  the  solver
or  solving  the  governing  equations  (refer  kivaTest  example).
c
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Figure  1  Engine  geometry,  computational  doThermo-physical  model  heheuPsiThermo  (refer
OpenFOAM  manual)
overning  equations  and  other  details
he  simulations  for  SI  type  of  IC  engines  require  several  gov-
rning  transport  equations  and  models  for  combustion.  The
quations  and  models  used  in  the  present  work  are  described
s  below.
 RANS  equations  along  with  standard  k—ε  turbulence  model
for  simulating  the  ﬂow  ﬁeld
 Energy  equation  and  transport  equation  for  regress  vari-
able
 Transport  model  for  Xi
 Gulder’s  correlation  is  used  for  laminar  ﬂame  speed  along
with  unstrained  model
The  engine  RPM  is  1500.  The  details  for  fuel  and  combus-
ion  are  provided  in  Table  2.
umerical  procedure
he  solver  application  namely  engineFoam  is  invoked  for
olving  the  governing  equations.  The  simulation  is  carried
ut  in  two  steps.  The  two  steps  are  from  CA  −180  to  −15
nd  −15  to  60  with  different  time  step  values  for  avoiding
he  Courant  number  related  errors.  The  simulated  results
re  post-processed  with  the  help  of  Paraview.
esults and discussionsylinder  of  SI  engines,  the  present  work  compares  the  results
rom  simulations  of  cold  ﬂow  and  combustion  cases.  The
redicted  results  are  discussed  in  the  following  sections.
main  with  mesh  and  boundary  conditions.
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Figure  2  Average  in-cylinder  values  of  (a)  temperature  versus  CA  and  (b)  pressure  versus  CA.
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RFigure  3  Temperature  contours  for
Average  temperature  and  pressure  versus  Crank
Angle
The  engineFoam  solver  has  averaging  routines  and  it  pro-
vides  output  for  processing  the  engine  simulations.  The
average  in-cylinder  temperature  and  pressure  is  recorded
for  all  CA  considered  in  the  present  study.  The  resulting
plots  are  shown  in  Fig.  2.  The  ignition  starts  from  CA  −15
and  combustion  process  is  initiated  which  results  in  the  rise
in  both  temperature  and  pressure.  The  comparisons  provide
details  about  effect  of  combustion  rise  in  temperature  and
pressure.
Temperature  contours  for  various  Crank  Angles
The  variation  of  in-cylinder  temperature  is  shown  as  contour
plots  in  Fig.  3.  The  top  two  ﬁgures  show  temperature  rise  due
to  compression  and  due  to  ignition  source.  The  bottom  two
ﬁgures  show  the  variation  of  temperature  due  to  combustion
and  expansion.  The  maximum  temperature  attained  shows
the  proper  simulation  of  combustion  for  Iso-octane  fuel.
G
Kus  CA  (see  clockwise  from  top  left).
onclusion
he  numerical  results  reported  in  this  paper  provide
ow  ﬁeld  data  for  Spark  Ignition  (SI)  engines  using  an
pen  source  CFD  tool  OpenFOAM®.  Cold  ﬂow  compression
nd  combustion  simulations  were  compared  in  terms  of
emperature  and  pressure  for  various  CA.  The  simulations
arried  out  in  the  present  work  provide  physically  possible
olutions.  The  temperature  contours  plotted  on  a  vertical
lane  inside  the  cylinder  indicates  the  rise  in  temperature
ue  to  combustion.  The  overall  results  indicate  that  the
pen  source  CFD  code  OpenFOAM® can  be  an  ideal  choice
or  engine  designers.
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